Characterization of an aldolase-dehydrogenase complex that exhibits substrate channeling in the polychlorinated biphenyls degradation pathway.
An aldolase and dehydrogenase complex from the polychlorinated biphenyl degradation pathway of the bacterium Burkholderia xenovorans LB400 was purified. The aldolase, BphI, had the highest activity with Mn(2+) as the cofactor and was able to transform 4-hydroxy-2-oxopentanoate and 4-hydroxy-2-oxohexanoate to pyruvate and acetaldehyde or propionaldehyde with similar specificity constants. Aldolase activity was competitively inhibited by the pyruvate enolate analogue, oxalate, with a K(ic) of 0.93 microM. The pH-rate profiles suggested the involvement of a pK(a) 7.7 catalytic base in the reaction mechanism. BphI activity was activated 15-fold when substrate turnover was occurring in the dehydrogenase, BphJ, which can be attributed partially to nicotinamide coenzyme binding to BphJ. BphJ had similar specificity constants for acetaldehyde or propionaldehyde and was able to utilize aliphatic aldehydes from two to five carbons in length as substrates, although K(m) values for these aldehyes were >20 mM. When 4-hydroxy-2-oxopentanoate was provided as a substrate to the BphI-BphJ complex in a coupled enzyme assay, no lag in the progress curve of BphJ was observed. When 1 mM propionaldehyde was added exogenously to a reaction mixture containing 0.1 mM 4-hydroxy-2-oxopentanoate, 95% of the CoA esters produced was acetyl CoA. Conversely, 99% of the CoA esters produced was propionyl CoA when a 10-fold molar excess of exogenous acetaldehyde was added in a reaction mixture containing 4-hydroxy-2-oxohexanoate. These results demonstrate that acetaldehyde and propionaldehyde, products of the BphI reaction, are not released in the bulk solvent but are channeled directly to the dehydrogenase.